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The combination of antigen and specific, predetermined antibody receptors is com- 
monly  considered  a  necessary  prelude  to  the  induction  of  detectable  antibody 
formation.  Experimental  evidence  supporting  such  a  concept  has  been  accumu- 
lating in a variety of experimental systems. Administration of antigen will sdectivdy 
induce DNA synthesis in a small fraction of the lymphoid cell population, that is, in 
the cells capable of immunological  reaction against the immunogen, while leaving cells 
potentially reactive against other antigens largely untouched (1). The specific inhibi- 
tion by haptens of the in vitro induction of a secondary response indicates that a cell- 
associated antibody exists in the cell population containing primed cells, the antigen- 
binding specificity of the receptor being virtually identical with that of the releasable 
antibody product of these cells (2, 3). The increase in affinity of the antibody produced 
with time after immunization (4, 5) and the finding that passively administered "high" 
affinity  antibodies  are  more  efficient  as  inhibitors  of  active  antibody  for- 
mation than are "low" affinity antibodies  (6)  are  also  in  agreement with  the  ceU- 
bound antibody concept. Cells carrying high affinity receptors would have a selective 
advantage at the  decreasing  antigen  concentrations with time after immunization, 
explaining  both the rise in affinity of antibody produced and the increasing  resistance 
with  time  after  immunization  towards  antibody-induced  supression  of  antibody 
formation (7). 
Further support for the cell-attached receptor has come from results obtained when 
using immune cells in vitro where trials were made to find a correlation between affinity 
of antibody being produced and the concentration of antigen needed to trigger the 
immune cells into mitosis (8). It can be demonstrated that with increasing  affinity of 
antibody there was a corresponding decrease  in the concentration of antigen needed to 
induce a detectable increase  in the DNA synthesis of the cell population. 
The exact location of the cell-associated  antigen-specific  receptors is unknown, al- 
though they have been assumed to be present on the surface of the potential, antibody- 
synthesizing  cells. The small lymphocyte is  a  cell  type considered  to be of major 
importance for the provision of antibody-producing cells  (q),  and ~mmunoglobulins 
have been demonstrated on the outer surface of these cells having a distribution pat- 
tern suggesting  active synthesis by the small lymphocyte (10). 
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In the present article we have tried to study cell-bound antibody in a more 
direct way than previous investigators by designing a system of antigen-coated 
columns.  Cell  populations  containing immune  cells  were  allowed  to  sieve 
through such columns, and the immunological  reactivity of passing and retained 
cells was subsequently analyzed. The columns could be shown to function ac- 
cording to the postulate of a  cell-associated antibody since specific elimination 
of cells reactive against the antigen used for coating the column was obtained 
by the passage through that column. The conditions of the test system and the 
theoretical implications  of the experimental findings are described and discussed. 
Material and Methods 
Animals.--inbred mice of the strains CBA, A.SW, or A.BY maintained in this laboratory 
by brother-sister mating were used throughout the experiments. The mice were 3 months of 
age at the start of the experiments. 
ImraunizaKon.--Immtmization  against HSA (human serum albumln~  Kabi AB, Stockholm, 
Sweden), BSA (bovine serum albumin, fraction V, Armour and Co., Eastbourne, England)~  and 
OA (ovalbumin, Worthington Biochemical Corp., Freehold, N.J.)  was carried out using a 1 
mg/ml concentration  of  the  antigen in Freund's complete adjuvant (Dffco Laboratories, 
Detroit,  Mich.). Boosting with antigen in the transfer tests for studying the immunological 
memory of the transfer  cells was carried out using 50/tg of the antigen in saline. Unless 
otherwise stated, individual animals were immunized against one serum albumin  antigen  only. 
Cells.--CeU suspensions for the testing of antibody formation in vitro or for studying  of the 
capacity  to  transfer  immunological memory were obtained from the regional lymph nodes 
draining at the site of immunization. Single cell suspensions were produced by cutting the 
lymph nodes into pieces in Eagle's medium in Earle (EME)  (11), squeezing the pieces with a 
pair of forceps followed  by decantation and washing. The number  of viable cells was estimated 
by the use of trypan blue. 
Antibody Formation In Vitro.--Single,  antibody-forming cells (PFC) against HSA, BSA, or 
OA were enumerated in vitro using the hemolytic plaque assay (12) with the addition of a 
rabbit-anti-mouse  immunogiobulin antiserum that would allow the detection of 7S antibody- 
producing cells (13). The characteristics of the  system have been described elsewhere (7). 
Target cells in the plaque assays were sheep erythrocytes that had been coated with the respec- 
tive antigen by the use of bisdiazotized benzidine (13). In this system only 7S producing cells 
were normally  detected, 
Test for Deteaion  of Immunological Memory.--The cells to be tested  for immunological 
memory inoculated into syngeneic mice that had been preirradiated  the same day with 450 
R in order to increase the antibody response of the inoculated cells (14). The number of cells 
inoculated varied in the different experiments from 10'-2 X l0  T  cells, the animals within each 
experiment receiving the same number of cells. Antigen for boosting was administered as in- 
dicated previously, and the animals were bled at days 10 and 20 after the transfer. Serum anti- 
bodies were titrated using a modification of the Farr ammonium sulphate method using a 
standard concentration of 0.1 or 1 #g of antigen/ml  during the test (15). Labeling of the serum 
albumin  antigens was carried out using the chloramine T method (16) and ulI (Radiochemical 
Centre, Amersham, England). 
Beads and Columns.--Glass  beads having an average diameter  of 200/z (Superbrite, 100- 
5005, 3M Co., St. Paul, Minn.) or polymethylmetaacrylic plastic beads with an average diame- 
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as column material. The Degalan beads were first rinsed in ordinary water before use in order 
to remove small granulate material, whereas the glass beads were boiled in aqua regia for 15 
rain according to recommendations by earlier workers (17). Both kinds of beads were subse- 
quently washed in saline and finally dispersed in EME before labeling with the antigen. After 
labeling with antigen, as described below, the beads were allowed to stand at room tempera- 
ture in 10c~  normal mouse or rabbit serum  for a  mln~mum of  1 hr. This procedure  was 
found to increase substantially the percentage of passing cells when the beads were used in 
the columns. Subsequently, the beads were poured into  1. 5  X  100  cm  glass tubes  using a 
tiny plug of cotton or glass wool in the bottom of the columns. The beads were  then washed 
with 150 ec of saline followed by I00 cc of EME in order to remove unattached antigen. Tests 
trying to detect free antigen in the columnar fluid subsequent to this washing procedure  have 
so far failed to do so. 1 The columns were subsequently cooled to 4°C,  at which temperature 
the cells were allowed to pass through the columns. The cells to be tested were put on top of 
the cob,ran and allowed to enter into the beads, whereupon elution was carried out using cool 
EME. The number of cells that could be put on each co|umn could be at least as high as 3 
X  l0  s, the highest number tested. The rate of passing fluid through the column was kept at 
approximately 3  ec/min. The rate of  passage,  although not  crucial, is important  as  a  too 
low rate of passage will allow a significant increase in the number of retained cells, a  factor 
we consider of importance for the explanation of the coming results. 
Coating  of  the Beads ~ith Antigen.--In  order  to  establish  the optimal  conditions  for  coating 
the beads with antigen,  131I-labeled  serum albumins were used.  Varying amounts of labeled 
albumin  were added to  a constant volume of  beads and incubation  was carried  out in  EME  at 
45°C  for  i  hr  followed  by  overnight  incubation  at  4°C,a  procedure  known to  function  with  other 
macromolecules  for  labeling  of  beads (17)i  Subsequently, the beads  were washed five  times  in 
EME  to  remove free  and loosely  attached protein  molecules,  and  the  protein  uptake  was deter- 
mined  in  a  well-type  scintillation  counter.  A close  to  optimal  uptake  onto  the  beads  was  reached 
at a concentration  of  albumin in  the fluid  ranging from I-I0  mg/ml. This  was similar  for  both 
kinds  of  beads; however, the  uptake  per  unit surface  area  could be shown to  be approximately 
25 times higher for the Degalan beads than the glass  beads. A very  high density of albumin 
molecules per/~ was reached  on the Degalan beads approaching the order of 104 molecules. 
Such a density  of  antigenic  molecules on the  bead surface  would be sufficient  to allow  a simul- 
taneous contact between IOS-104  bead-attached albumin molecules with the passing surface 
of  a cell,  thus  providing ample  opportunity for  a combination  to  take  place  between  the  antigen 
and the hypothetical ceil-associated  antibody. Control  experiments  were  subsequently carried 
out in  order  to  ascertain  that  normal  and  isotope-labeled  albumin  molecules  attach to  the  same 
degree  onto  the  beads.  This turned out to be the case and we have subsequently chosen to 
use a standard  concentration  of antigen of  5 mg/ml of fluid  during the coating of  the  beads. 
Pilot  experiments have been carried  out in the immunological memory system using beads 
coated with varying concentrations of antigen showing a decreasing capacity to eliminate 
specific  immunological memory cells  with decreasing  doses of antigen during labeling  of the 
beads.  I 
RESLrLTS 
Distribution Pattern of PFC and Immunological Memory Cells on Bead Columns 
Coated ~th Normal Mouse S~um.--The distribution pattern  of  immune  cells 
on bead columns coated with normal,  s3mgeneic mouse serum only was first 
studied in order to establish the factor of unspecific retention in the system. 
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Both glass and Degalan beads could be shown to retain a significant number of 
nucleated cells, the retained cells  being  eluted from the beads by shaking  the 
beads in 100 ml of EME.  The passing cells were collected from the time  the 
first cells came out at the bottom at the column until a fluid volume amounting 
to five times the volume used for dispersing the cells had been  accumulated. 
Mechanical elution could be shown to cause significant damage to the cells as 
TABLE I 
Distribution of PFC and Immunological Memory Cells on Bead Columns Coated with Normal, 
Syngoneic Mo~e Serum Only 
Columns  Cell  population*  No. of cells~  PFC/IOS cells§  Immunological  memory cells§ 
Degalan 
Glass 
Control 
Passed 
Retained 
Control 
Passed 
Retained 
% 
100 
62 
23 
100 
48 
25 
% 
100 
82  (50-230 
186  (52--410) 
100 
44  (25-102) 
290  (46--206) 
% 
100 
71  ~5-220) 
160  (64-210) 
100 
45  (12-102) 
109  (27-216) 
* Control refers to original cell population. Passed refers to cells found in the void volume 
plus the first 20 ml of the eluant. Cells were suspended  in 4 ml before putting them on the 
column. Retained refers to cells which remain in the column and are mechanically eluted by 
shaking the column beads for 2 rain in 200 ml of EME. 
No. of cells refers to the number of nucleated cells in the investigated cell population 
compared to number of cells originally put onto the column. Both living and dead cells as 
judged by uptake of trypan blue are included: dead cells comprise 5% in the control and 
passed suspension,  15% in the retained population. Each figure represents the mean of five 
different experiments with each kind of columu material. 
§ Figures express  the percentage of reactivity, e.g.,  number of PFC or immunological 
memory cells in the investigated cell population compared to the reactivity of the control 
population. Arithmetic means of five experiments for each material with the range of the 
results obtained within parentheses. Each cell suspension was tested for PFC on two plates 
and for immunological memory after transfer to five animals. 
approximately  15%  of  the  cells recovered  by  this  procedure  were  stainable 
with  trypan  blue  as opposed  to less  than  5 %  of the  ceils in  the starting or 
passing cell suspensions. Despite this damage, there frequently was an enrich- 
ment in the number of PFC  or immunological memory per unit cell number 
among the retained suspensions, the factor of enrichment being similar for both 
types of beads. The results, shown in Table I, are in agreement with findings of 
earlier workers  using  glass  bead  columns  (18),  and  they  would  exclude  the 
present bead columns  as a  test system for any precise enumeration of immu- 
nologically competent  ceils  as  measured  by  the  number  of cells  being  re- HANS WIGZELL  AND BIRGER ANDERSSON  27 
tained in an antigen-coated column, The bead columns could be shown, how- 
ever, to allow the  passage  of  a  significant fraction of  the adm~uistered PFC 
and immunological memory cells, making the  system a  suitable one for  the 
analysis of the membrane-bound antibody concept. 
TABLE II 
Distribution of PFC in  Cell  Populations Passing or Being Retained in Antigen-Coated Bead 
Columns 
Exp. 
A 
B 
C 
D 
Columns*  Cells$ 
HSA, 10 mg  Passed 
"  "  Retained 
0  Control 
OA, 10 mg  Passed 
"  "  Retained 
HSA, 10 mg  Passed 
"  "  Retained 
HSA, 0, 1 mg  Passed 
"  "  Retained 
0  Control 
HSA, 10 mg  Passed 
BSA, 10 nag  Passed 
Control  0 
HSA, 10 mg  Passed 
BSA, 10 mg  Passed 
0  Control 
Anti-HSA  PFC/10  s  Anti-BSA  PFC/10  e  Anti-OA  PFC/10  6 
cells  cells  cells 
Per cent of  Total  control  ff  Total  control  Total  control  Per cent  Per cent ol 
0  0  --§ .  --  4.1  13.5 
4.2  75  --  16.0  52.8 
5.6  100  --  30.3  100 
3.3  58.8  --  0  0 
7.0  125  --  25.3  83.5 
0.9  5.6  --  23.6  50 
30.0  185  --  112.5  238 
6.3  38  --  13.1  27.8 
42.6  264  --  122.9  261 
16.2  100  --  47.1  100 
0.3  5.7  5.0  186 
2.1  48  1.1  41 
4.4  100  2.7  100 
5.6  28  5.6  157 
30.7  151  0  0 
20.3  100  3.6  100 
m 
* Experiments A and C, glass bead columns; Experiments B and D, Degalan bead  col- 
umns. Concentration during labeling of the beads expressed in nag of albumin/ml  of fluid. 
Passed and retained cells were obtained as described in Table I. Each cell suspension was 
tested  on two plates  against  each albumin-coated sheep erythrocyte  suspension, the PFC 
value being the arithmetic mean of the values obtained. 
§ Not done. 
Specific  Elimination  of PFC  by  Antigen-Coated  Columns.--Cell  suspensions 
were obtained from immunized donors by pooling cells from several mice. This 
was  done using cells from  animals immunized 20-180  days before with one 
albumin antigen providing an in vitro mixture of ceils immune against two or 
three different antigens. Passed and retained cells were obtained as described 
in the preceding chapter. Subsequent to passage or elution, all cells were washed 
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tested for their  contents  of PFC  against  the various  albumin-coated  sheep 
erythrocytes. The different cell populations were tested against all the relevant 
albumin-coated sheep erythrocytes, using two plates for the test against each 
antigen. The number of PFC per 10  s living, nucleated cells was calculated for 
each ceU-antigen combination and the results obtained are shown in Table II. 
The passage of immune cell populations through antigenic bead columns could 
be shown to result in a significant  decrease  in the number of specific PFC in 
the filtered cell suspension.  In some experiments (A and D, Table II), a com- 
plete elimination  of the relevant antibody-producing ceils was observed, whereas 
in the other experiments only a specific reduction in the number of PFC was 
obtained. Experiment C was carried out using two different antigen concentra- 
tions during the labeling  of the beads, demonstrating that a concentration of 
I0 nag of antigen per milliliter  of fluid yielded beads that were more efficient in 
eliminating  the specific PFC from the passing ceils than were beads labeled at 
a  concentration of 0.I mg/ml. 
Control experiments were carried out to see whether or not the passing cell 
population  was  carrying  antigen  after filtration  through  the antigenic  bead 
column,  the antigen acting as a  specific inhibitor of the relevant PFC on the 
plates thus simulating specific retention of PFC by the column.  A cell popula- 
tion that had passed through an antigenic column  displaying a specific reduc- 
tion in the number of PFC per 10  6 ceils was mixed with ceils from the original 
cell suspension,  the mixture  being subsequently analyzed for the number of 
detectable, relevant PFC. No inhibitory influence of the filtered cell population 
on the number of PFC provided for by the addition of original  cells was ever 
recorded,  thus  excluding  the  possibility that  antigen  acting  as  inhibitor  of 
PFC was present in the passing cell populations. Further experimental support 
for this finding  is described below. 
If the antigen-coated bead columns are functioning according  to the postu- 
lated cell-associated  antibody hypothesis, the presence of free, antigenic mole- 
cules in the columnar fluid during filtration would be expected to compete with 
the bead-attached antigen for cellular  antibody, thus blocking the elimination 
of specific PFC from the cell population filtering  through  an  antigen-coated 
column.  In order to test this experimentally, parallel  columns with or without 
free antigen in the columnar fluid were assayed for their capacity to eliminate 
antibody-synthesizing cells from a passing  cell suspension.  The concentration 
of free antigen in the medium was kept between 0.5-2 mg of antigen/mI of 
fluid.  After filtration  or mechanical elution,  all  cell suspensions  were washed 
twice,  counted, and assayed for their respective contents of PFC. The results, 
shown in Table III, are in excellent  agreement with the receptor concept as 
free antigen could be shown to selectively abolish the specific elimination  of PFC 
by the antigen-coated columns, whereas the expected elimination took place in 
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In summary, antigen-coated bead columns could be shown to  specifically 
deprive a filtrated cell suspension of cells capable of high rate antibody forma- 
tion-PFC directed against the antigen used for coating the colnmn. Presence 
TABLE IH 
The Z ffect of Free Antigen on t~ Number  of PFC Passing ~hrough Antigen-Coated  Columns 
Exp.  Column* 
A 
HSA, G 
BSA, G 
cc 
B 
HSA, D 
BSA, D 
c~ 
C 
HSA, D 
C¢ 
BSA, D 
C¢ 
D 
HSA, G 
BSA, G 
Cdls~ I 
C 
B 
BB  I 
BB 
C 
H 
HH 
B 
BB 
C 
H 
HH  I 
B 
BB 
Free mltigen§ 
mglml 
0 
HSA, 2 
0 
BSA, 2 
0 
HSA, 2 
0 
BSA, 2 
0 
HSA, 0, 5 
0 
BSA, 0, 5 
0 
HSA, 1 
0 
BSA, 1 
Anti-HSA PFC/ 
I0  6  cells 
2.3 
0.08 
0.98 
1.23 
0.67 
57.2 
2.1 
25.4 
20.6 
25.1 
20.3 
5.6 
23.6 
30.7 
21.2 
Anti-BSA  PFC/ 
10e cells 
Not done 
~c  ~C 
12.0 
2.1 
7.2 
0 
10.6 
3.6 
5.6 
6.6 
0 
9.3 
Anfi-BSA  PFC 
Anti-HSA  PFC 
18.3 
1.0 
10.5 
7.2 
11.3 
11.2 
16.5 
7.2 
4.1 
10.2 
0.21 
1.0 
0.28 
0 
0.42 
0.18 
1.00 
0.28 
0 
0.44 
0.61 
16.50 
0.69 
0.57 
0.90 
*  klbumin concentration during labeling of beads 5 mg/ml. G, glass beads; D, Degalan 
beads. 
C, control cell population providing the cells put on top of the column. H, cells passing 
HSA-coated columns in the absence of free antigen. HH, cells passing HSA-coated columns 
in the presence of free HSA in the col-mnar fluid. B and BB cells are like H and HH cells 
except for the use of BSA instead of HSA. Each cell suspension was tested against two plates 
for each respective albumin-coated sheep erythrocyte  suspension. 
§ Concentration of free antigen in columnar fluid during cellular filtration. All cell popu- 
lations were washed twice after col,  mnar passage in order to remove free antigen from the 
cells before testing for the presence of PFC. 
of free antigen during the cellular passage would block this specific elimination 
in a selective manner. Both groups of results are to be expected if the columns 
act through a combination between sxkrface antibody molecules on the PFC and 
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Specific Elimination  of Immunological Memory  Cells  by  Filtration  tkrougk 
Antigen-Coated Columns.--We then  attempted to see whether immtmological 
memory cells would be  eliminated  by passing  suspensions  through  antigenic 
TABLE IV 
The Elimination of Immunological Memory Cells by the Filtration through Antigen- 
Coated Columns 
gxp.  Column*  Cells~; 
A  OA, D  H+O,P 
HSA, D  H  +  O, P 
--  H+0,  C 
B  OA,  D  H+O,P 
HSA, D  H  +  O, P 
H+P,C 
C  HSA, D  H+O,P 
"  H+O,R 
BSA, D  H  +  O,  P 
"  H+O,R 
--  H+O,C 
D  HSA, D  B  +  O, P 
"  B  +  O, R 
BSA, D  B +  O,  P 
"  B +  O, R 
--  B+O,C 
E  OA, G  H+O,P 
"  H+O,R 
HSA, G  H +  O, P 
"  H+O,R 
--  H+O,C 
F  HSA, G  H+B  +O,P 
"  H+B+O,R 
BSA, G  H+B+O,P 
"  H+B+O,R 
OA, G  H+B+O,P 
"  H+B+O,R 
--  H+B+O,C 
No.  of 
mice§  ABC against  0A~ 
0.632  4-  0.099 
1.554  =h 0.202 
1. 286  -4-  O. 154 
All negative 
0.098  4- 0.167 
ABC against HSA{I 
0.612 4-  0.106 
0.062 4. 0.008 
0.436 -4-  0.077 
0.236  4-  0.189 
All negative 
ABC against  BSA[~ 
Not done 
Not  done 
O. 139 4- 
1.551  4. 
1.940  4. 
1.462  4. 
1.335  -4- 
1. 600 4- 
1.025 
1.420 
0. 680 
0. 998 
0.825 
1. 262 
3.609 
0.791 
2.755 
2.853 
:k 
4- 
4- 
± 
-4- 
4. 
4- 
-4- 
q- 
-4- 
3.143  4. 
2.869 _4_ 
2.609  4- 
2.367 
0.421  -4- 
2.802  4. 
3.051  4- 
0.008  0.670 4-  0.201 
0.201  All negative 
0.009  0.815  -4- 0.154 
0.307  0.880  --1  -4- 0.144 
0.125  1.060  4.  0.201 
0.092  0.800 4.  0.078 
0.067  Not done 
O.  178  " 
0.076  " 
O. 133  " 
0.008  " 
0.187  2.822  4. 0.092 
0.022  2.634  -4- 0.143 
0.122  All negative 
0.217  1.889  4-  0.209 
0.092  2.443  4.  0.017 
0.197  All negative 
0.021  0.649 4-  0.230 
0. 209  1. 368  -4- 0. 238 
0.099  1.473  4. 0.098 
0.104  0.778  4. 0.121 
0.302  2.231  4.  0.202 
0.088  1. 875  4.  0.136 
Not done 
1.052  -4- 0.078 
2.390  4-  0.324 
0.352  --1  ±  0.177 
1.523  4.  0.202 
1.925  4.  0.045 
Not done 
1.082  ~-  0.077 
2. 742  -4-  0.133 
0.808  4.4- 0.206 
1.712  4" 0.088 
1.434  -4-  0.101 
2.300  -4-  0.108 
2.173  4.4- 0.235 
* Columns coated with a concentration of 1 nag of albumin/ml during labeling of the beads.  G, glass beads; 
D, Degalan beads. 
:~H, cells immunized against HI)A; B, cells immunized against BSA; O,  cells immunized against OA; P, 
passed cells; R, retained cells; C, control cell population providing the cells for the columnar passage. 
§ No. of mice in each recipient group in the transfer system. 
D  ABC, antigen-binding capacity of 1 ml of antiserum expressed in log10 ~g of antigen bound.  Geometric 
mean 4. standard error of the mean. Negative. less than 0.000-1 ABC. 
bead columns in the same manner as were the PFC. Experimental conditions for 
obtaining  cell  suspensions  and  antigen-coated  columns  were  identical  with 
those used in the PFC experiments, and in some experimetns the same cell sus- 
pension was tested both for PFC  and immunological memory. Tests for im- 
munological memory were carried out as described under Material and Methods, HANS WIGZELL AND BIRGER ANDERSSON  31 
taking advantage d  the previous finding that in the present antigenic system 
the soluble antigen used for provoking the secondary response will selectively 
activate only already existing, "immune" ceils (14). The results are shown  in 
Table IV and demonstrate that filtration through antigenic bead cob]runs will 
TABLE V 
Effect of Free Antigen in the Columnar Fluid  on the Passage of Immunological Memory Cells 
through Antigen-CoaV.d Bead Columns 
Column [Free  antigen' 
mglr~l 
OA 
OA  OA, 1 
ABCo~t 
1.431 
1.342 
1.204 
1.161 
0.672 
0.415 
0.477 
0.845 
0.653 
1.813 
1.161 
1.398 
0.756 
ABC~nst 
0.924 
0.568 
0.505 
0.230 
0.398 
0.924 
0.362 
1.000 
0.477 
0.799 
0.602 
0.623 
0.491 
ABC against OA 
ABC against 
HSA 
0.507 
0.774 
0.700 
0.931 
0.274 
0.509  --1 
0.115 
0.845  --1 
0.176 
1.014 
0.559 
0.775 
0.265 
_. ABC against  OA 
0.728  4- 0.088 
(t =  4.53; P  <  0.005) 
0.919  --1  4- 0.130 
0.653  4- 0.156 
(t =  3.89; P  <  0.005) 
* Concentration of free antigen in columnar fluid during filtration of cells. All cells were 
washed  after columnar passage in order to remove free antigen before  transfer into 450 R 
irradiated recipients together with 50 #g of OA and HSA. A concentration of 1 mg OA/ml 
will in itself cause no detectable change in the immune reactivity of cells incubated at that 
concentration at 4°C  for the same time period as for cellular filtration through antigenic 
columns  to  take place,  z 
ABC, antigen-binding capacity of 1 ml of antiserum at 0.1 #g/ml of antigen. ABC ex- 
pressed in logt0 gg of antigen bound values of individual animals. 
§ Geometric mean 4- standard error of the mean; t values calculated according to Stu- 
dent's t test, comparing the mean of the group of animals receiving cells passing OA-coated 
column in the absence of free OA to the means of the two other groups. 
selectively deprive  the  passing  cell population  of  its  capacity to  produce  a 
secondary response against the antigen used for coating the columns. In some 
experiments, complete specific elimination of immunological memory was ob- 
tained,  whereas  in  others  only  a  partial  specific  reduction  in  the  memory 
capacity of the passing cells was  observed. 
If the memory ceils are eliminated from the passing cell population because 
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would compete with bead antigen for the cell-bound antibody on the memory 
cell in the same manner as previously suggested for the action of free antigen 
on the specific elimination of PFC. The experimental procedure used for testing 
the effect of free  antigen in  the columnar fluid during cellular filtration was 
identical with the one previously described in the PFC separation experiments. 
The results, shown in Table V,  strongly support the existence  of a  cell-bound 
TABLE VI 
Elimination  of Immunological Memory  Cells by Antigen-Coated Columns. A  Comparison Be- 
#ween Cell  Populations Obtalned from "Singly" or "Doubly" Immunized Animals 
Antigen-blndlng capacity  Antigen-blndlng capacity 
Exp.  Cells*  Columns$  against HSA§  against OA§ 
A  HSA  --  0A 
gc 
HSA +  OA 
HSA  --  OA 
~c 
HSA +  OA 
HSA 
0A 
HSA 
OA 
HSA 
0A 
HSA 
OA 
0.581  4- 0.124 
All negative 
0.5~0  4-  0.176 
0.670  4- 0.239 
All negative 
0.236  4-  0.189 
0.O66  4- 0.2O9 
0.264  --1  4- 0.123 
0.698  --1  4- 0.099 
0.842  --1  4- 0.106 
Not done 
0.569  4-  0.093 
0.725  4- 0.231 
All negative 
0.139  4- 0.008 
0.098  4-  0.167 
All negative 
1.176  4- 0.267 
0.702  4- 0.130 
0.261  4-  0.097 
0.657  4- 0.067 
0.763  4- 0.109 
0.028  4- 0.139 
* HSA --  0A cells were obtained from animals immunized  with a mixture of HSA and 
OA. HSA +  OA cells were obtained from animals immunized  with HSA or 0A alone,  the 
cells being pooled  immediately before  fractionation. HSA -  OA and HSA +  0A cells in 
the same experiments were obtained from animals immunized  on the same day. 
S HSA,  passaged  through  HSA-coated Degalan  column;  OA,  passaged  through  OA- 
coated Degalan  column;  -,  starting cell  population. 
§ Antigen-binding capacity measured  as log10 ~g antigen bound/ml of serum. Each group 
consist of five animals, the antigen-binding capacity being expressed in arithmetic means of 
the logarithms 4- standard error of the means. Negative animals, antigen-binding capacity 
less  than  0.000-1 #g of antigen/ml of antiserum. 
antibody on the surface of the immunological memory cell, as free antigen in 
the medium could be shown to selectively block the otherwise occurring elimina- 
tion of specific memory from the passing cell populations. 
In  summary,  the  capacity of  a  cell  population  to  display immunological 
memory could be  abrogated in  a  specific manner  by filtration through  bead 
columns  coated  with  antigen.  The  presence  of  free  antigen  in  the  columns 
during cellular passage would block this elimination in a  selective way.  Both 
findings support  the  concept  of  a  cell-associated antibody on  the  surface  of 
immunological memory cell, where the receptor would have an antigen-combin- HANS  V4IGZELL AND  BIRGER ANDERSSON  33 
ing specificity similar if not identical with that of the potential humoral anti- 
body being produced by these cells. 
The Cell-Associated Antibody:  a Product of the Immunological  Memory Cell.- 
It has been tentatively assumed and argued that the observed specific elimina- 
tion of the immunological memory cell when passing through antigenic bead 
column~ is caused by the existence of specific, cell-bound antibody on the sur- 
face of these cells. The data presented  so far, however, do not allow any dis- 
crimination between  an  actively produced or  passively  adsorbed  antibody- 
receptor to explain the results. If randomly adsorbed cytophilic antibody would 
constitute the antigen-specific receptor,  all  the memory cells obtained from 
animals immunized with two antigens simultaneously would be expected to be 
eliminated by passage through a column coated with one of the two antigens. 
On the other hand, if the receptors  are present on the site of production, the 
same specific elimination by antigenic columnu would be observed when using 
cells from doubly immunized animals as when using a mixture of cells from ani- 
mals immunized with one antigen only. 
The results  using parallel  columns coated with HSA or OA (two albumins 
only cross-reacting in the mouse at a rate of approximately 1% at the PFC or 
serum antibody level  1)  and  cell populations  either from animals  immunized 
with HSA and OA simultaneously, or with OA or HSA only followed by pooling 
in vitro failed to disclose any difference in the specific elimination  of immuno- 
logical memory by antigen columns in the two  cell-populations  as  shown  in 
Table VI. Thus, the cell-associated antibody responsible for the specific elimina- 
tion of immunological  memory cells by antigenic columns is  seemingly pro- 
duced by the memory cell itself. 
DISCUSSION 
In the present article a system has been described which allows the selective 
elimination of specific immune reactivity from a cell population by the passage 
of cells through an antigenic column. The immunological activity was measured 
in two ways: either as the number of high rate antibody-forming ceils in the 
suspension as tested immediately  after the passage, or as immunological memory 
studied in a transfer system. It is considered that the most likely explanation 
of this specific reduction in immune reactivity, as a consequence of filtration 
through the relevant column,  is a selective  retention of the "immune" ceils. 
Retention is considered to take place through the combination of surface anti- 
body molecules on the immune cells and the bead antigen. These surface anti- 
bodies are seemingly produced by the specifically  retained cells themselves since, 
in experiments using cells from animals immunized with a mixture of the two 
antigens,  the elimination is  still  selective  thus excluding passively adsorbed 
antibody as an operating factor. Further support for the cell-bound antibody 
hypothesis comes from experiments  where  free  antigen was present  in  the 34  CELL  SEPARATION  ON  ANTIGEN-COATED  COLUMNS 
columnar fluid during the sieving through of the cells.  As expected, ff cell surface 
antibodies play an important part in the selective elimination of the cells, free 
antigen could be shown to block in a specific way the retaining capacity of the 
columns indicating a competition between bead-attached and free antigen for 
the cell-associated antibodies. The effect of free antigen in this system would 
also strongly argue against the possibility that induction of "classical" immuno- 
logical tolerance in vitro could explain the observed specific reduction in the 
immune capacity of the cells passing through antigenic columns in the absence 
of free antigen. 
The fate of the retained cells and the exact mechanism of retention of the 
specific immune  cells  needs  further study.  Through  the  use  of mechanical 
elution, a significant recovery of specific immune cells as well as immune cells 
directed against other antigens but stuck for nonimmunological reasons  (see 
normal mouse serum-coated column experiments) could be obtained. Despite 
significant damage to the mechanically eluted cells as evaluated by uptake of 
supravital dyes, the relative immune reactivity of the  "retained" cells could 
be shown to be higher than that of the "passing" cells regardless of immune 
specificity. This increase  could be  shown to be  a  characteristic  of the  bead- 
column system itself and to be of a nonimmunological nature. In some experi- 
ments,  a  relative decrease in the immune reactivity against the antigen  used 
for coating the column could be observed in the retained and thereafter mechan- 
ically eluted cells.  No final explanation of this decrease can be offered at pres- 
ent. We would like to suggest, however, that mechanical detachment of a  cell 
attached to a glass or plastic bead will inflict damage upon the cell, the larger 
the forces attaching the cell the greater the likelihood of lethally damaging the 
cell.  Combination between cell surface antibodies with bead-attached antigen 
might very well consitute a force of such an order as to be expressed as a relative 
reduction in the number of eluted viable "immune" cells directed against the 
bead-attached antigen. An obvious way to circumvent this obstacle would  be 
to use free antigen in the fluid trying to elute already retained specific immune 
cells, and preliminary experiments have been carried out yielding, so far, largely 
discouraging results both regarding quantity and quality of cells recovered. As 
to the mechanics of retention of the immune cells we believe that surface anti- 
bodies are  the  causes of the selective retention.  Combination  between these 
antibody molecules and the bead-attached antigen will tend to reduce the rate 
of sieving through of the specific immune cells.  We consider this reduction in 
the rate of filtration to be a factor of great importance in the actual retention 
of the  cells,  since it increases the  chances  of nonspecific attachment  in  the 
column. A mere reduction in rate of filtration through  a bead  column can  be 
shown to increase largely the number of cells that will get stuck in the column 
for nonimmunological reasons.  1 
The present results are considered to show in a very direct way the existence HANS  V/][GZELL  AND  BIRGER  ANDERSSON  35 
of actively produced antibody molecules on the outer membranes of "immune" 
cells. Prellmiuary results indicate that similar antibodies exist on the surface of 
potential antibody-forming cells in a nonimmune animal as analyzed by antigen- 
coated bead  columns,  x This would mean that,  although the  antigenic bead- 
columns  are  supposedly  acting  through  mechanisms  different  from  those 
thought to participate during the induction of classical immunological tolerance 
(19), the practical outcome might be the same, the production of a cell popula- 
tion being specifically deprived of reactivity against certain antigenic specific- 
ities. 
SlY~r~CARY 
Glass and plastic bead columns coated with antigenic protein molecules were 
used as an immunological filter for cell populations containing immune cells of 
relevant specificity. A selective elimination of these immune cells from the pass- 
ing cell suspension was regularly noted and it approached, in some experiments, 
complete abolition of the specific immune reactivity of the filtered cell popula- 
tion. This specific  retention of immune cells  by antigenic columns could be 
selectively blocked by the presence of free antigen molecules in the medium 
during filtration. The results obtained support the concept of a cell-associated 
antigen-specific receptor being present on the outer surface of immune cells, 
displaying the same antigen-binding specificity as the potential product of the 
cell, the humoral antibody. Using the present bead column system, results were 
obtained indicating that this receptor was an active product of the immune 
cells and not any passively adsorbed, cytophilic antibody. 
Antigenic bead cob~mus may very well constitute a tool for the production in 
vitro of cell populations being specifically deprived of immune reactivity and 
allow detailed analysis of the characteristics of the cell-associated antibody of 
immune cells. 
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